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Prostate-specific  antigen  (PSA)  tests  are  considered  a  valuable  screening  method  for  the  forensic  exam¬ 
ination  of  semen  in  vaginal  and  rectal  swabs  of  alleged  victims  of  sexual  abuse.  Although  these  mem¬ 
brane  tests  have  been  also  applied  to  autopsy  specimens  no  study  has  assessed  their  reliability  when 
performed  on  post-mortem  (PM)  rectal  swabs  from  decomposed  cadavers.  The  present  study  describes 
the  results  obtained  with  the  Seratec®  PSA  Semiquant  Kit  test  on  39  male  and  10  female  adult  cadavers 
with  no  history  of  sexual  assault  and  with  a  PM  interval  up  to  136  days.  Overall  64%  of  the  39  male  cadav¬ 
ers  tested  positive  for  the  PSA,  the  positive  PSA  reaction  being  more  frequent  in  the  20  males  with 
advanced  decomposition  than  in  the  19  males  with  no  putrefaction  signs  (70%  vs.  58%).  The  Phosphate- 
smo  KM  Paper  Test®  for  detection  of  acid  phosphatase  (AP)  gave  a  positive  color  reaction  with  60%  of  the 
rectal  swabs  obtained  from  decomposed  male  cadavers.  Both  the  PSA-test  and  the  Phosphatesmo  KM 
paper-test  gave  a  negative  result  in  each  of  the  rectal  samples  from  female  cadavers.  Y  STR  multiplex 
revealed  no  DNA  other  than  that  of  the  subject  tested  in  the  rectal  swab  positive  for  PSA.  The  results 
of  the  present  study  show  that  PSA  membrane  tests  are  unreliable  and  can  be  misleading  when  derived 
from  male  rectal  samples  obtained  at  autopsy. 

©  2009  Elsevier  Ltd  and  Faculty  of  Forensic  and  Legal  Medicine.  All  rights  reserved. 


1.  Introduction 

Prostate-specific  antigen  (PSA)  membrane  tests  are  sensitive 
semi-quantitative  immunoassay  screening  methods  widely  used 
in  clinical  settings  for  detection  of  seminal  liquid  in  alleged  victims 
of  sexual  abuse.1-4  Acid  phosphatase  (AP)  paper  test  is  another 
widely  used  detection  test  for  seminal  liquid.5  AP  is  an  enzyme  se¬ 
creted  by  the  prostate  gland,  but  it  is  not  unique  to  the  prostate 
and  can  be  found  in  other  biological  fluids.6 

The  PSA-test  is  recommended7  and  has  been  used  in  autopsy 
cases  involving  suspected  sexual  crimes,8-10  but  at  the  best  of 
our  knowledge,  no  study  has  so  far  assessed  the  reliability  of  this 
test  when  applied  to  rectal  samples  from  decomposed  cadavers  ob¬ 
tained  at  autopsy. 

The  present  study  describes  the  results  obtained  with  PSA 
membrane  tests  (Seratec®)  and  AP-tests  (Phosphatesmo  KM  Pa¬ 
per®)  from  39  males  and  10  adult  female  cadavers  with  no  history 
of  sexual  assault  and  with  a  post-mortem  (PM)  interval  ranging 
from  2  to  136  days. 
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2.  Materials  and  methods 

2.2.  Study  material 

Forty-nine  subjects  (39  males,  10  females)  who  underwent 
medico-legal  autopsy  at  the  Department  of  Forensic  Medicine, 
University  of  Helsinki  during  2004-2008  were  selected  for  this 
study.  The  mean  subject’s  age  was  in  males  54  (SD:  15;  range: 
19-87  years)  and  in  females  66  (SD:  14;  range:  49-87  years).  The 
subjects  were  classified  in  two  groups:  (a)  24  subjects  (19  males, 
5  females)  with  no  visible  signs  of  PM  decomposition  and  (b)  25 
subjects  (20  males,  5  females)  who  displayed  at  external 
examination  advanced  putrefaction  changes.  The  mean  PM  time 
for  the  subjects  with  advanced  decomposition  was  23  ±  25  SD 
(range:  8-136  days)  and  for  the  group  with  no  putrefaction 
changes  5  ±  1  SD  (range:  2-7  days). 

2.2.  Sampling  and  sample  preparation 

Three  rectal  swab  samples  were  taken  from  the  anal  cavity  of 
each  cadaver  and  allowed  to  dry  at  room  temperature.  Extraction 
of  the  rectal  swab  content  was  performed  in  1000  pi  sterile 
Millipore®  water  for  30  min  at  room  temperature.  The  extraction 
product  was  centrifuged  at  10,000g  for  1  min  and  200  pi  of  the 
supernatant  was  added  to  the  Seratec®  PSA  Semiquant  Kit 
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Table  1 

Percentage  of  PSA  membrane  positive  test  (Seratec®)  from  PM  rectal  swabs  in  49  subjects,  by  sex  and  PM  changes. 


Subjects  N 

Sex 

Age  (years) 

PM  interval  (days) 

PMb  changes 

Positive  cases3 

JV 

(%) 

19 

M 

19-87 

2-7 

Fresh 

11/19 

58 

20 

M 

32-79 

8-136 

Decomposed 

14/20 

70 

5 

F 

49-80 

3-5 

Fresh 

0/5 

0 

5 

F 

57-87 

12-29 

Decomposed 

0/5 

0 

a  A  case  was  defined  positive  when  at  least  2  of  the  3  rectal  swabs  gave  a  strong  positive  reaction  (>4  ng  PSA/mL). 
b  Post-mortem. 


according  to  the  manufacturer’s  instructions.11  A  positive  test  re¬ 
sult  (>4  ng  PSA/ml)  is  indicated  by  the  formation  of  a  red  line  in 
the  test  and  control  region  of  the  membrane,  the  result  being  read 
10  min  after  the  addition  of  the  supernatant.  A  few  drops  of  the 
supernatant  were  added  on  a  small  piece  of  Phosphatesmo  KM  test 
paper  (Phosphatesmo  KM®,  Macherey-Nagel  GmbH  &  Co.,  Diiren, 
Germany).  A  positive  reaction  gives  a  violet  spot  on  a  white  back¬ 
ground.  All  positive  rectal  samples  were  tested  using  the  Y  STR 
multiplex  (PowerPlex®,  Y  System).12 

2.3.  DN A- extraction 

Rectal  swabs  were  rehydrated  for  60  min  in  sterile  Millipore® 
water  and  centrifuged  for  3  min  at  10,000g.  The  pellet  was  washed 
once  in  water  and  digested  for  60  min  at  56  °C  in  the  presence  of 
proteinase  K  (60  pg/0.2  ml  final),  DTT  (4  mM  final)  and  Chelex®  re¬ 
sin  (5%  final).  The  tubes  were  then  incubated  at  80  °C  for  8  min, 
centrifuged  for  3  min  and  the  supernatant  was  purified  and  con¬ 
centrated  in  a  QIAquick®  (Qiagen)  column  before  amplification. 

3.  Results  and  discussion 

Overall  64%  of  the  male  cadavers  tested  positive  for  the  PSA. 
Among  the  19  male  cadavers  with  no  signs  of  putrefaction  58% 
tested  positive  compared  with  70%  in  the  20  male  cadavers  with 
advanced  decomposition  changes.  The  membrane  test  did  not  de¬ 
tect  PSA  in  the  rectal  samples  from  both  decomposed  and  fresh  fe¬ 
male  cadavers  (Table  1 ). 

Because  the  AP-test  is  used  as  a  routine  screening  test  for  iden¬ 
tification  of  semen  in  many  laboratories,  all  swabs  were  also  ana¬ 
lyzed  by  this  test.  Twelve  of  the  PSA  positive  swabs  obtained 
from  decomposed  male  cadavers  showed  a  positive  acid  phospha¬ 
tase  reaction,  while  only  four  of  the  fresh  male  cadavers  tested  po¬ 
sitive  for  AP  (results  not  shown).  A  lower  sensitivity  and  specificity 
of  the  AP-test  compared  with  the  PSA-test  may  explain  this  result. 
All  swabs  taken  from  female  cadavers  were  negative  both  for  PSA 
and  AP. 

In  badly  decomposed  cadavers,  autolysis  of  the  prostate  and  PM 
changes  of  the  rectum  followed  by  the  diffusion  of  the  immunore- 
active  PSA  and  the  AP  enzyme  through  the  rectal  wall  may  explain 
the  present  results.  On  the  other  hand,  it  was  surprising  to  find  that 
more  than  half  of  the  male  cadavers  with  no  advanced  decomposi¬ 
tion  changes  had  also  positive  PSA  reactivity  in  their  anal  swabs. 
Initially  believed  to  be  a  prostate-specific  protein,  PSA  is  now 
known  to  be  present  in  traces  also  in  other  tissues,  including  nor¬ 
mal  anal  glands  of  males  and  urethral  glands  of  both  sexes.13,14  Re¬ 
lease  of  PSA  from  normal  epithelial  cells  of  male  anal  glands 
following  initial  autolytic  changes  of  the  mucosa  might  account 
for  the  positive  findings  also  during  the  early  PM  interval.  No  sig¬ 
nificant  association  was  found  between  the  positive  cases  and  the 
subject’s  age.  Using  the  Y  STR  multiplex  (PowerPlex®  System),  no 
DNA  other  than  that  of  the  subject  tested  was  detected  in  the  rectal 
swabs  positive  for  PSA. 


4.  Conclusion 

PSA  semi-quantitative  membrane  tests  are  considered  a  sensi¬ 
tive  screening  method  for  detection  of  seminal  liquid  in  alleged 
male  and  female  victims  of  sexual  abuse  in  a  clinical  context.  Con¬ 
versely,  the  present  study  demonstrated  that  the  results  of  PSA 
tests  with  a  sensitivity  comparable  to  the  Seratec®  PSA  Semiquant 
Kit  are  unreliable  and  can  be  misleading  when  obtained  at  autopsy 
from  male  rectal  samples,  regardless  of  postmortem  interval  and 
the  putrefaction  stage.  Also  the  AP  Paper  Test  gave  a  positive  color 
reaction  with  60%  of  the  rectal  swabs  obtained  from  decomposed 
male  cadavers.  Conversely,  based  on  the  results  of  this  study, 
forensic  biologists  can  extract  material  from  postmortem  female 
rectal  swabs  and  should  be  confident  that  a  PSA  positive  result 
stands  for  the  presence  of  semen.  However,  a  larger  number  of  fe¬ 
male  cases  need  to  be  examined  in  order  to  substantiate  this 
conclusion. 

Conflict  of  Interest 

We  declare  that  we  do  not  have  any  conflict  of  interests  with  re¬ 
gard  to  the  submitted  manuscript. 

Funding 

None  declared. 

Ethical  Approval 

None  declared. 


References 

1.  Hochmeister  MN,  Budowle  B,  Rudin  O,  Gehrig  C,  Borer  U,  Thali  M,  et  al. 
Evaluation  of  prostate-specific  antigen  (PSA)  membrane  test  assays  for  the 
forensic  identification  of  seminal  fluid.  J  Forensic  Sci  1999;44:1057-60. 

2.  Simich  JP,  Morris  SL,  Klick  RL,  Rittenhouse-Diakun  K.  Validation  of  the  use  of  a 
commercially  available  kit  for  the  identification  of  prostate  specific  antigen 
(PSA)  in  semen  stains.  J  Forensic  Sci  1999;44:1229-31. 

3.  Khaldi  N,  Miras  A,  Botti  K,  Benali  L,  Gromb  S.  Evaluation  of  three  rapid  detection 
methods  for  the  forensic  identification  of  seminal  fluid  in  rape  cases  .J  Forensic 
Sci  2004;49:749-53. 

4.  Laux  DL,  Custis  SE.  Forensic  detection  of  semen  III.  Detection  of  PSA  using 
membrane  based  tests:  sensitivity  issues  with  regards  to  the  presence  of  PSA  in 
other  body  fluids;  2004.  <http://www.mafs.net/pdf/forensicdetectionsemen3. 
pdf>. 

5.  Allery  J-P,  Telmon  N,  Blanc  A,  Mmieusset  R,  Rouge  D.  Rapid  detection  of  sperm: 
comparison  of  two  methods.  J  Clin  Forensic  Med  2003;10:5-7. 

6.  Hooft  PJ,  van  de  Voorde  HP.  Interference  of  body  products,  food  and  products  of 
daily  life  with  the  modified  zink  test  and  the  acid  phosphatase  test.  Forensic  Sci 
Int  1994;3:187-96. 

7.  Saukko  P,  Knight  B.  Knight’s  forensic  pathology .  London:  Hodder  Arnold;  2004..  p. 
428. 

8.  Montagna  CP.  The  recovery  of  seminal  components  and  DNA  from  the  vagina  of 
a  homicide  victim  34  days  postmortem.  J  Forensic  Sci  1996;41:700-2. 

9.  Levine  B,  Titus  JM,  Moore  K,  Fowler  D.  Use  of  prostate  specific  antigen  in  the 
identification  of  semen  in  postmortem  cases.  Am  J  Forensic  Med  Pathol 
2004;25:288-90. 


P.  Lunetta,  H.  Sippel /Journal  of  Forensic  and  Legal  Medicine  16  (2009)  397-399 


399 


10.  Tallthip  J.  An  autopsy  report  case  of  rape  victim  by  the  application  of  PSA  test 
kit  as  a  new  innovation  for  sexual  assault  investigation  in  Thailand.^  Med  Assoc 
Thai  2007;90:348-51. 

11.  Seratec  Ges.  F.  Biotechnologie  mbH.  PSA  in  body  fluids  -  an  overwiew  for  users 
of  the  Seratec  PSA  semiquant  tests.  Seratec  Ges.f.Biotechnologie  GmbH, 
Rev.l_2006-04,  Gottingen,  Germany. 

12.  Promega  Corporation.  PowerPlex®  Y  System  Technical  Manual  #  D018,  USA; 
2003. 


13.  Kamoshida  S,  Tsutsumi  Y.  Extraprostatic  localization  of  prostatic  acid 
phosphatase  and  prostate-specific  antigen:  distribution  in  cloacogenic 
glandular  epithelium  and  sex-dependent  expression  in  human  anal  gland. 
Hum  Pathol  1990;21:1108-11. 

14.  Graves  HCB.  Nonprostatic  sources  of  protein-specific  antigen:  a  steroid 
hormone-dependent  phenomenon?  Clin  Chem  1995;41:7-9. 


